Neuronal ceroid lipofuscinosis type-2 (CLN2) disease is a rare, autosomal recessive, pediatric-onset, neurodegenerative lysosomal storage disease caused by mutations in the TPP1 gene. Cerliponase alfa (Brineura ® ), a recombinant form of human tripeptidyl peptidase-1, was recently developed as a treatment for CLN2 disease. In clinical trials, the primary end point to evaluate treatment effect was the aggregate score for the motor and language (ML) domains of the CLN2 Clinical Rating Scale, an adaptation of the Hamburg scale's component items that include anchor point definitions to allow consistent ratings in multinational, multisite, clinical efficacy studies. Psychometric analyses demonstrated that the ML score of the CLN2 Clinical Rating Scale and individual item scores are well defined and possess adequate measurement properties (reliability, validity, and responsiveness) to demonstrate a clinical benefit over time. Additionally, analyses comparing the CLN2 Clinical Rating Scale ML ratings to the Hamburg scale's ML ratings demonstrated adequate similarity.
Introduction
The neuronal ceroid lipofuscinoses (NCLs), also known as Batten disease, are discrete genetic lysosomal storage disorders characterized by pathologic autofluorescent cellular deposits, with the clinical hallmarks of progressive seizure disorder, ataxia, motor function loss, dementia, and blindness. [1] [2] [3] Neuronal ceroid lipofuscinosis type-2 (CLN2) disease is a rare, autosomal recessive, predominantly late infantile form of NCL caused by mutations in the TPP1 gene (also referred to as the CLN2 gene). The TPP1 gene encodes tripeptidyl peptidase-1 (TPP1), which cleaves N-terminal tripeptides from polypeptides imported into lysosomes destined for cellular degradation. The TPP1 deficiency manifests as central nervous system neuronal cell dysfunction and death, reflected as a rapidly progressive neurodegeneration and loss of physical function. 1 The clinical course of CLN2 disease is largely predictable. 4 In most cases, affected children appear healthy until age 2 to 4 years. Initial symptoms are typically new-onset seizures and inability to acquire new language milestones. This is rapidly followed by a period of active loss of function, characterized by ataxia, movement disorders, language regression, and cognitive impairment. After a period of 2 to 4 years, children become unable to walk and talk and eventually go blind. Severe neurological dysfunction occurs by age 4 to 8 years and death typically occurs by age 8 to 16 years. 1, 2, 5, 6 The Hamburg scale was developed to quantify the loss of function that occurs over the clinical course of CLN2 disease. 4 This 4-item instrument assesses motor function (walking ability), visual function, language, and seizures, with all items using 0 to 3 rating options and yielding a 0 to 12 total summed score. Worgall and colleagues 5 introduced a second CLN2 disease rating scale, the Weill Cornell Scale, which assesses 4 items: gait (walking ability), language, myoclonus (involuntary movements), and feeding/swallowing. Like the Hamburg scale, all Weill Cornell Scale items use 0 to 3 rating options and yield a 0 to 12 total summed score. Brineura ® (BioMarin Pharmaceutical Inc., Novato, CA) (cerliponase alfa), a recombinant form of TPP1, has been developed as a treatment for CLN2 disease. 7 Cerliponase alfa is administered directly into the central nervous system via an indwelling intracerebroventricular port. Determining the clinical efficacy of this new treatment required the use of a clinical outcome assessment (COA) tool capable of demonstrating (1) a clinically relevant shift in the course of disease compared to the natural history for children and adolescents with CLN2 disease and (2) the reliability, validity, responsiveness, and interpretability required for COA use in a multinational clinical trial. 8 An adapted scale, termed the CLN2 Clinical Rating Scale, was devised to include historically used motor and language (ML) anchor point definitions from existing natural history databases to enable prospective acquisition of clinical trial data comparable to existing historical data.
This report details the key measurement properties of reliability, validity, and responsiveness of the CLN2 Clinical Rating Scale and the 2 component scores (motor and language) for use in CLN2 clinical trials. Moreover, the process and results from testing the similarity with the Hamburg ML (HML) scale are described and reported, thus demonstrating the comparability of the HML scores, derived from a natural history cohort, to the CLN2 Clinical Rating Scale ML scores used in 2 cerliponase alfa clinical trials. This demonstration of comparability is an important aim of this report and provides assurance that the HML and the CLN2 Clinical Rating Scale ML scores are adequately similar for use in the interpretation of functional change over time in the clinical studies.
Methods

CLN2 Clinical Rating Scale ML Domain
The CLN2 Clinical Rating Scale ML domain was adapted from the common subscales of the Hamburg and Weill Cornell CLN2 clinical rating scales to be used as an assessment tool for multicenter efficacy studies supporting the development of cerliponase alfa. The ML functions are fundamental disease domains, decline rapidly and predictably as a function of age, and are relatively insensitive to standard of care.
The rating is structured so that a score of 3 indicates a normal condition, 2 is a slight or just noticeable abnormality, 1 is a severe abnormality, and 0 denotes a complete loss of functioning. Because of wording ambiguity and differences between scales, item wording and anchor point definitions were refined for the CLN2 Clinical Rating Scale. This adaptation was conducted to codify the historical transitions in the items such that the treatment study could be directly compared to natural history gathered at both the University HospitalEppendorf in Hamburg and the Weill Cornell Medical College. The changes used in the CLN2 ML scale and the rationale are shown in Table 1 .
Differences in 1-point scoring on the ML domains are measurable and clinically important. For example, in the motor In some children, normal language development was never present. In such cases, the best performance ever achieved was taken as a starting point and rated 3; when language then became recognizably worse, it was rated 2.
domain, a 1-point drop from a rating of 3 to a rating of 2 is the difference between a child who can walk normally and a child who is abnormal but retains independent ambulation of at least 10 steps. Further, 1-point drop to a score of 1 indicates a child who no longer independently ambulates but can still move by some self-process. The last 1-point drop to a score of 0 indicates a child who is no longer self-mobile. Similarly, it can be observed that each of the language domain ratings also represent clinically meaningful levels.
Patient Population
A dose-escalation, single-arm, multinational phase 1/2 study (Clinicaltrials.gov identifier NCT01907087) evaluated the efficacy and safety of cerliponase alfa in patients with CLN2 disease. It included a stable dose period of 48 weeks at a dose of 300 mg every 2 weeks (Q2W), administered via an intracerebroventricular catheter. An ongoing open-label extension study (Clinicaltrials.gov identifier NCT02485899) continues to evaluate the efficacy and safety of cerliponase alfa. Any patient who completed treatment in the phase 1/2 study was eligible. All patients continue to receive cerliponase alfa at 300 mg Q2W for up to 240 weeks. Patients enrolled in the DEM-CHILD-independent CLN2 natural history registry 9 served as an untreated comparison group. Eligible patients were required to have documented TPP1 deficiency and genotype. Children with CLN2 disease were eligible who were at least 3 years old and disease score !3 on the 0-to 6-point CLN2 Clinical Rating ML scale, with scores of at least 1 in each of these domains. Written informed consent from a parent/legal guardian and assent from the patient, if appropriate, were obtained. The studies were performed in accordance with the Declaration of Helsinki; approval was obtained from the institutional review board at each participating center.
Interrater Reliability
Clinical ratings were performed in-person every 8 weeks, and each assessment was videotaped. The prespecified methodology was as follows: 36 videotapes from 4 representative and regular time points (baseline, week 25, week 49, and week 73 [week 25 of extension study]) for 11 patients enrolled in the clinical studies who were/are being treated at the Hamburg clinic were independently rated by a nonstudy scale trainer. These ratings were then compared to the motor, language, and combined ML scale ratings given by the respective study clinicians. Weighted kappa (k w ) statistics 10 assessed the level of rater agreement between the nonstudy trainer's ML scale ratings when compared to the study investigators' ratings to better understand interrater reliability using the Landis and Koch 
Construct Validity
The validity of an assessment tool indicates how well it measures what it is designed to measure. Validity is supported when different methods of measuring the same or similar constructs produce similar results. To examine construct validity, the pattern and magnitude of the relationship between the scores for the motor, language, and combined ML scale scores were compared to other similar health measures using Spearman correlation coefficients in the baseline data. For all correlational analyses, the absolute value of the Spearman correlation coefficients assessed whether weak (|r | <0.30), moderate (0.30 |r| < 0.60), or strong (|r| ! 0.60) relationships exist. 12 Similar health measures compared to the motor score included the Physical Functioning Domain (8 items) and the Total Scale score from the 23-item Pediatric Quality of Life (PedsQL) Generic Core Scales, V4.0. 13 Due to the impact of the child's motor functioning on a parent's caregiving role, the motor scores were compared to 3 key domain scores (Physical Functioning, Emotional Functioning, and Social Functioning) and the Total Score of the PedsQL Family Impact Module.
14 In addition, the Daily Activities Scale score from the CLN2 Quality of Life Questionnaire (CLN2 QL) was also examined to support the construct validity of the motor item's score.
The language score was compared to other PedsQL Family Impact Module Domain scores for Social Functioning, Cognitive Functioning, and Communications reflecting the impact of the child's language abilities on these parenting roles. Finally, the combined ML scale score was compared to the PedsQL Total Score, the PedsQL Family Impact Module Total Score, and the CLN2 QL Daily Activities Score.
Responsiveness
The responsiveness (ie, the ability to detect change over time) of the motor, language, and combined ML scores was also examined using Spearman correlation coefficient. The ML scores for change from baseline to week 49 (Study 201 Completion/Early Termination) were compared to the change score from baseline to the respective visit on the CLN2 QL Daily Activities Score. The absolute value of the Spearman correlation coefficient assessed whether weak (|r| < .30), moderate (.30 |r| < .60), or strong (|r| ! .60) relationships exist. 12 Comparison Study of HML and CLN2 Clinical Rating Scale ML Domains
Ensuring the adequate similarity of measurements using the HML and the CLN2 Clinical Rating Scale ML domains is key to the interpretation of clinical trial results. Ideally, all natural history assessments could be scored using the ML domains by clinical trial raters. However, due to the historical nature of these data, subsequent deaths from some of these children, and the fact that videotaping patients were not part of the clinical acquisition routine in the natural history registry, a sufficient supply of natural history patient videos was not feasible.
Therefore, to bridge the similarities of these 2 rating scales, videotaped assessments were reviewed and scored using the HML scale by a rater independent of the clinical studies, trained on the HML definitions. The goal of this bridging investigation was to understand the degree of variability in ratings in the analyses that is attributable to the slight changes in the study rating definitions. The videos were viewed in their entirety, and the videos were not transcribed for review due to the lack of meaning that comes from the transcription of videos of patients with CLN2, many with quite limited language abilities.
k w statistics 10 assessed the level of rater agreement between the HML scale ratings (motor, language, and combined ML scores) when compared to the clinical trial clinician ratings using the ML scale. The k w results were interpreted using the Landis and Koch 11 classifications of agreement (see "Interrater Reliability" section) to assess the similarity of the 2 rating scales.
In addition, slope estimates for the rate of decline over 48 months of treatment were produced for each of the original and ML scale scores using the same algorithm as specified in the phase 1/2 study. The slope for a patient was computed as a change from baseline, using the last observation >0 and scaled as a rate per units of 48 weeks. The analyses were also produced for the separate ML components. Summary statistics (mean, median, standard deviation [SD]) were produced for the HML and Clinical Rating Scale ML slope estimates.
Results
Patient Population
A total of 24 patients were screened for the phase 1/2 study at 5 clinical sites. All screened patients were enrolled. One patient was discontinued after placement of the intracerebroventricular catheter and the first 300 mg infusion at the parents' request, due to the patient's unwillingness to continue with study procedures. The remaining 23 patients completed the phase 1/2 study and went on to enroll in the extension study.
The mean (SD) age of the study patients at enrollment was 4.3 (1.24) years (Table 2 ). Most patients were white (96%); 63% were female. The mean (SD) age of CLN2 disease onset was 3.4 (1.07) years (Table 2) . One or both of the 2 most common CLN2 alleles (ie, c.622C>T and c.509-1G>C) were present in 17 (71%) patients. The mean (SD) baseline ML scale score was 3.5 (1.20) points. Three patients had baseline ML scale scores below the study enrollment minimum of 3; however, study eligibility was determined at the screening rather than baseline assessment. The protocol permitted a 1-month interval between the screening and baseline visits.
Interrater Reliability
In the formal interrater study of Hamburg clinic patients using patient videos, k w results for motor score ratings for all videos (n ¼ 36) were .93, indicating near-perfect agreement.
11 Perfect agreement (k w ¼ 1.00) were observed at week 25 (n ¼ 11), week 49 (n ¼ 10), and week 73 (n ¼ 3). At baseline, 2 ratings were provided that were 1 level lower than the clinical study ratings (k w .76; n ¼ 12), but nonetheless, these ratings demonstrated substantial agreement (Table 3) .
Similarly, for the language score ratings across all videos, k w ¼ .82, thus indicating near-perfect agreement. The k w estimates at each time point ranged from .67 at week 49 to .93 at baseline. Moreover, the combined ML scale scores (0-6) generated from the ML scale trainer's ratings were in almost perfect agreement with those of the clinician raters (.89 k w .93) for each time point and across all rating periods-supporting interrater reliability for the ML scale scores. Moreover, the demonstrated consistency between the clinical trial ratings made by each of the study clinicians and the study's ML scale Abbreviations: ML, motor and language; SD, standard deviation. a Study-eligibility criteria were based on the baseline rather than screening visit.
trainer supports the reproducibility of the ML ratings and procedures (Table 3) .
Construct Validity
Construct validity analyses for the motor, language, and combined ML scale scores examined the magnitude of Spearman correlation coefficients at baseline. For the domains and total scores most closely related to the motor score, baseline correlations were generally moderate to strong, with the strongest observed relationships with the PedsQL Core Physical 
Responsiveness
The ML scale change scores (motor, language, and combined ML) from baseline to week 49 (end of study visit in Study 201) were compared to the change score from baseline to the respective visit on the CLN2 QL Daily Activities Score using the Spearman correlation coefficients. Both the ML and the motor change scores demonstrated a moderate level of responsiveness with the CLN2 QL Daily Activity Score (r ¼ 0.37 and 0.41, respectively). The PedsQL Social Functioning measure's change score correlation with the language change score was 0.40-also achieving a moderate relationship to demonstrate the responsiveness of the ML combined and standalone items.
Comparison Study of HML and CLN2 Clinical Rating Scale ML Score A bridging study using videotapes and ratings by an HML rater investigated whether adequate similarities exist between the ML scores of the HML and the CLN2 Clinical Rating Scale. The results demonstrate substantial-to-perfect agreement between the 2 corresponding motor scales (.67 k w 1.00), fair-to-substantial agreement between the language scales (.34 k w .62), and substantial agreement in the combined ML scores (.67 k w .79) at all of the investigated time points (baseline, week 25, week 49, and week 73). The mean slopes of ratings from baseline to week 49 computed for the HML and the ML scale ratings yielded nearly identical point estimates and variation for the Hamburg clinic patients in this investigation (Table 4 ). This was true for the mean slopes from the respective motor scales (0.14 + 0. 
Discussion
Clinical outcome assessments designed to demonstrate the benefits of a treatment must be well defined and possess adequate Five patients were omitted from language slope estimation because the baseline language score was 0. One additional patient was omitted because there were no observations postbaseline with a language score >0.
measurement properties. 8 The primary metric used to quantify a notable attenuation of CLN2 disease progression in clinical studies was the aggregate of the ML score in the CLN2 Clinical Rating Scale. In order to ensure measurement consistency across clinical trial sites, the CLN2 Clinical Rating Scale ML domain was adapted from the original Hamburg scale 4 to include anchor point definitions that would allow consistent ratings within the study conduct. The adapted CLN2 Clinical Rating Scale ML domain was intended to respect the historical application of the Hamburg scale and allow consistent and harmonized ratings in a multinational, multisite, clinical efficacy study.
The psychometric analyses of the ML rating scale with regard to reliability, construct validity, and responsiveness provide confidence in the measurement properties of this adapted instrument and the 2 component scores. Interrater reliability was assessed using Hamburg clinic patients in the clinical studies; the results are convincing and show that agreement for the motor, language, and combined ML scores was substantial to nearly perfect. 11 These results reflect the important success in achieving rater consistency in the clinical studies through strong and thorough rater trainings. Construct validity and ability to detect change were also demonstrated with moderate-to-strong correlations with key domains and total scores from quality-of-life instruments (PedsQL, PedsQL Family Impact Module, and CLN2 QL Daily Activities Score) measuring similar constructs.
Agreement with the ML scale, as assessed by k w values for single and combined ML scores, was near perfect for the motor score for all time points; there was fair-to-substantial agreement for the language scores. 11 External review of videotapes may pose challenges for precise language assessments that may contribute to the lack of strong agreement in the language score. In contrast to study raters, the external reviewer had no previous medical or social information such that previous maximum attained function was not known. Technical issues such as recording quality or sample bias that may limit the ability of the rater to accurately assess language capabilities may also confound results. However, the external video rating assessment of decline using the HML scale led to nearly identical values for progression slope point estimates and variability when compared to the individual and combined domains of the ML scale's rating changes over time, suggesting a strong relationship in the assessment of disease progression despite the lack of strong agreement in language scores. These results provide assurance that the ML scores from the 2 scales are adequately similar for use in the interpretation of the results from the clinical studies when compared to the natural history registry.
This study is not without limitations. First, no other known psychometric validation of this scale has been conducted outside these clinical studies; the use of the adapted instrument is encouraged to better understand the strength and durability of the conclusions in this report in other CLN2 disease investigations. In addition, no formal intrarater reliability study was conducted. However, the correspondence of ratings between the clinician's rating compared to the ratings by the rater trainer using the videotaped assessments was strong and demonstrated that each study clinician made his or her ratings in a manner that was strongly consistent with the opinion of the trainer on the study rating process-as may be expected by the use of well-trained physicians across these global academic medical centers.
Other limitations included the hampered ability to evaluate responsiveness (the ability to detect change over time) in these analyses given that few ML score shifts were observed in patients in the phase 1/2 study (Table 4) . Nonetheless, moderate change correlations (r ! 0.37) with key qualityof-life domains scores provide confidence in this measurement property. Finally, the scales' video-based ratings were subsequently compared to the primary source data for the clinical studies, which is the in-person rating by the patient's Hamburg clinic physician. The use of the videos introduced possibly important sources of error in comparing these ratings; namely, the rater was not present for any interactions between the patient and the study clinician prior to the start of videotaping (eg, patient walks up to greet the study physician in the clinic hallway) or any unobservable (on the video) details (eg, someone walking into the room, pictures in the room or the view outside the window, etc). In contrast, the study clinician often knew each patient was physically present throughout the clinic visit and assessment and was capable of making a comprehensive assessment that may not have been fully captured in the video. This limitation of video assessments may contribute to the lack of strong agreement between the raters' score of language ability, which may be more difficult to capture fully on video than motor ability, which had substantial-to-perfect agreement between the 2 corresponding motor scales. Importantly, this did not limit agreement in the assessment of change in language ability over time.
Conclusions
These results demonstrate that the ML domains of the CLN2 Clinical Rating Scale are objective, reproducible, valid, and responsive measures in children with CLN2 disease. These results also provide assurance that the HML and the CLN2 Clinical Rating Scale ML scores are adequately similar for use in the understanding of results from clinical trials. Moreover, change over time on the ML scores is interpretable. 8 That is, each unit difference on this scale measures a clinically meaningful change in a child's ML abilities. Indeed, anyone who has personally experienced a child's development knows that a change-especially a decline on this scale-is notable, relevant, and reflective of a meaningful change in a child's functioning in the clinical course of CLN2 disease.
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